Abstract. In this work the influence of solid particles concentration from suspension on the buildup evolution for a single wire from a magnetic filter working in axial configuration is presented. The buildup differential equations are solved and the surface contour of the buildup at different moments is obtained. It is evidenced the existence of a suspension concentration for which the radial deposit extension is maximum.
Introduction
High Gradient Magnetic Filtration (HGMF) is a physical method for filtration the fine paramagnetic or diamagnetic particles from fluid suspension. Based on the magnetic particles capture on ferromagnetic wires magnetized by an external magnetic field applied perpendicularly to their axes [1, 2] this method has multiple applications in treating and filtering the industrial waste waters. Depending on the direction of the suspension flow there is three distinctive configurations which are analyzed [3, 4] : longitudinal, transversal and axial. For each of these configurations has been proposed different models for accumulation process. Thus, for longitudinal configuration there is dynamic models of the capture process [5, 6] , as well as static models [7] [8] [9] [10] . In the last case, these models takes into account the equilibrium between the forces which acting on a particle located on the surface of the buildup.
The transversal configuration has a static model [11] considering that besides the magnetic and drag forces a "phenomenological" static friction force acting on a particle belonging to the last layer of the buildup.
In axial configuration there is a dynamic model of the accumulation process [12] based on the analytical solving of a set of buildup differential equations. We have proposed in [13] a dynamic model for axial configuration starting with the differential buildup equations derived in [12] , for which the traveling time necessary for particles to cross the magnetically active space till the deposition on the wire is not neglected. Besides, in [13] we have proposed a static model, too. It considering that a particle belonging to the last layer of the deposit is acted upon by two forces: the magnetic force and the erosion force. a e-mail: valy@phys-iasi.ro
In this work we study the influence of the particles' concentration from suspension on the buildup process for a single wire in axial configuration. An increase of concentration of particles results in hindrance effect which are related to change in proprieties of the slurry i.e., density, viscosity and magnetic permeability to fluid flow. These modifications are reflected in the expressions of the drag and magnetic forces [14] . Based on these expressions of the forces, we derive the differential equations of the buildup process, which by analytical solve lead us to the buildup surface contour at different moments. The results are compared with there obtained in [13] for the case of diluted solutions.
The motion equation of particle
Consider the case that an isolated cylindrical ferromagne tic wire with a radius a and saturation magnetization M s placed perpendicularly to a uniform magnetic field with the strength H 0 (Fig. 1) . A fluid suspension which forms a finite incompressible system at constant volume. A fluid suspension which forms a finite incompresible system at constant volume, flows parallelly to the wire with a constant velocity v 0 . The Suspension consists in spherical paramagnetic particles of radius b and magnetic susceptibility χ p immersed in a fluid of viscosity η f and magnetic susceptibility χ f . The volumic fraction occupied by the solid particles in suspension is φ. The particles are considered as small enough for neglecting this weight and this inertia. Thus, the motion equation of a particle can be write as:
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where η φ = η f exp 5 3
is the difference between the particle susceptibility and the apparent susceptibility of the suspension,
is the particle volume and v p and v f are the velocity of, respectively, the particle and the fluid. The components of the forces in equations (2, 3) in cylindrical coordinates are:
where
From the potential feature of the flow and from neglecting χ p − χ f 3 (1 − φ) with respect 1, the equation (1) becomes:
9η f a is the magnetic velocity, this being defined as the terminal velocity of a particle which experiences simultaneously the drag and the magnetic force actions [1] , and:
The index "a" denotes the corresponding quantities normalized to the wire radius. The equation of particle trajectory in the (r, θ) plane can be obtained by eliminating the time in the first two equations of (6) and by solving the differential equation which results:
where:
where r a0 and θ 0 are the initial coordinates of the particle. Since r a0 > 1 follows that α ∼ = 0 and the equation (9) becomes:
Thus, the trajectory equation (8) is:
From equation (12) and the third equation (6) one obtains:
The equations (8 and 13) represent the trajectory equations for a particle entering in magnetically active space through the initial point (r a0 , θ 0 ). In view of derive the differential buildup equations we need to calculate the vector unit 1 along the particle trajectory. This can be easily obtained from equations (8, 13) in the follow expresion:
3 Buildup differential equations
In the follow, in order to obtain the buildup differential equations we use the model described in [12] . As we can see in Figure 1 , all the particles which enter in magnetically active space from a surface element ∆S 0 = r 0 dr 0 dθ 0 in the z = 0 plane around a point A 0 (r 0 , θ 0 , 0) will be captured within a surface element ∆S z around a point A z (R, Θ, Z), where R, Θ, Z are the cylindrical coordinates of the captured point and must satisfy the equations:
The volume of the magnetic particles which enter the surface element ∆S 0 during the time t, t + ∆t is:
It is natural to assume that the direction of particle buildup is -1. Thus, the buildup thickness in the interval time t, t + ∆t is:
where ε represents the packing fraction of the buildup. If we denote by ∆S zR the projection of ∆S 0 on a surface R = const., then ∆S z can be calculated from ∆S zR as follows:
We shall denote the increments of Θ and Z when r 0 is increased by ∆r 0 at constant θ 0 , by ∆Θ θ and ∆Z θ , respectively,. Similarly, ∆Θ r and ∆Z r denote the corresponding increments when θ 0 is increased by ∆θ 0 at constant r 0 . These variation are calculated by partial differentiation of equations (16, 17):
Since ∆S zR i r = (R∆Θ θ i θ + ∆Z θ i z )(R∆Θ r i θ + ∆Z r i r ) are obtain
Thus, the buildup thickness ∆h is:
Since:
the differential buildup equations are given by:
where τ = aε v m .
The equations (25) represents the accumulation equations deduced in the case in which we take into account the volume fraction of the suspension. Unlike the differential equations obtained in [12] , these differ by the supplementary terms depending on the φ. At the first evaluation, the effect of concentration is that of decreasing of the buildup extension velocity in the radial and azimuthal directions. At the same time, once with the increasing of the volume fraction we observe a decreasing of the buildup length along the wire. These aspects will be seen more clearly in the follows, after the contour buildup surface is obtained.
Solution of the buildup differential equations
We shall solve the differential equations (25) assuming that the particles enter the magnetically active space only through a surface element ∆S 0 around a fixed point A 0 (r 0 , θ 0 , 0) and that, once captured at the point A z (R, Θ, Z), these will not be removed by the drag force.
Unlike in [12] , where the time interval necessary for a particle to reach from a point in the z = 0 plane to a point of the deposit has been neglected as compared to the time interval in which the deposit produced by accumulation considerably increases, we shall consider also the traveling time and express from the second equation (6) as follows:
where Θ 0 represent the initial value of Θ, calculated at the moment t = t 0 and will be given later. Denote by t * 0 = t 0 τ the reduced travelling time we obtain:
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The integration of the third equation (25) gives:
where Z * 0 is the value of Z * at the moment t = t 0 , and t * is measured from the moment when the fluid suspension enters the magnetically active space (the z = 0 plane). The integration of the second equation (25) gives:
where Θ 0 was defined above. The initial values Θ 0 and Z * 0 can be obtained from equations (16 and 17) replacing R a0 = 1:
After integration of the first equation (25) taking into account equation (29) we obtain:
The equations (28, 29, 32) represent the solutions of the differential buildup equations, for the situation in which the particles entering the analyzed space through the point A 0 (r 0 , θ 0 , 0). The deposit contour surface, as the locus of all points where are deposited at the moment t * , the particles entered through any point of the z = 0 plane can be obtained by eliminating the initial conditions r 0 and θ 0 from solutions of (25). This thing can be made by eliminating Θ 0 , Z * 0 and t * 0 from the same equations.
5 The equation of the particle deposit contour surface As we mentioned above, the equation of the particle deposit surface at different times can be obtained under the analytical form R a = R a (Θ, Z * , t * ) if we can express t * 0 and cos 2Θ 0 in equation (32) in terms of Θ, Z * and t * . Taking into account equation (31), from equation (27):
By substituting equations (33 and 30) in equation (28) one obtains:
By replacing equation (34) in equation (33) one obtains the expression of t * 0 in terms of Z * and t * :
In order to express cos 2Θ 0 in terms of Θ, Z * and t * , one replaces equation (35) where q denoted:
From −1 ≤ cos 2Θ 0 ≤ 1, results that the solution of equation (36) is:
Thus, the equation of the deposit contour surface is:
where t * 0 and cos 2Θ 0 are given by equations (35 and 38), respectively.
Starting from these equations, some deposit surface contours at four different volume fractions and t * = 2000 are drawn in Figure 2 . In the computing of these surfaces the packing fraction of the deposit was choose ε = 0.4.
The contour surface presented in Figure 2a is that of a diluted solution and it is very similarly to that obtained in [13] where the influence of the slurry concentration has not been considered.
As we can see in Figure 2 , once with the increasing of the volume fraction φ the deposit length along the wire decreases. On the other hand, when φ increases, the radial and azimuthal variation of the buildup has some particularities. Thus, when the volume fraction of solid particles in suspension increase from 0.01 to 0.2, we observe a radial extension of the deposit (Figs. 2a, b, c) , but once this extended the 0.2 value the deposit decreases radially. (Fig. 2d) . This is much better observed in Figures 3a and  3b , where are presented some examples of accumulation cross section are presented in z * = 200 and z * = 400 planes, respectively. It can be noticed, that the shape of the deposit for diluted solutions (curve 1) is different from the others computed for φ = 0.1, 0.2, 0.3. Besides, the deposit shape in the case of diluted suspension is similarly to that obtained in [13] .
It is evidently now, that there is a particularly value of suspension concentration for which the velocity of deposit radial extension is maximum. This value of volume fraction is situated around 0.2 and depends slightly on ε, the packing fraction of the deposit. 
Conclusions
We have derived in this work the buildup differential equations for the case in which we take into account the influence of the suspension concentration. Then, the set of these equations has been solved analytically, obtaining the deposit contour as a 3D surface. Unlike in [12] , in view of solving the equations, the time necessary for particles to be captured has not neglected.
We have observed that once an increase of volume fraction leads to a decrease of the deposit length along the ferromagnetic wire. Regarding the radial extension of the deposit, its behavior is different. Thus, while for a value of volume concentration included in the interval [0.01 -0.2], the deposit presents an increase of the radial extension, for the interval [0.2 -0.3] appears a decrease. This behavior evidences that there is a certain value of the volume fraction for which the velocity of the radial extension is maximum and from this the possibility of optimization of the filtration process. This value is situated around 0.2 and depends very slightly on packing fraction of the deposit. Also, the shape of the deposit is different for diluted solutions. Besides, the deposit surface contour for φ = 0.01 is not different from those obtained in [13] , where the suspension concentration has been neglected. .
We will consider in detail in another paper the conditions of optimization of the filtering process in which the influence of the suspension concentration is taken into account.
